Rotavirus is a common cause of acute gastroenteritis in children. Severe rotavirus-associated acute gastroenteritis frequently results in viremia, making extraintestinal manifestations of the disease possible [1] . Several case reports have described central nervous system complications associated with rotavirus infections, including seizures [2] [3] [4] [5] . Seizures in hospitalized children with laboratory-confirmed rotavirus infections have been characterized in retrospective chart reviews. The majority of cases were generalized tonic-clonic afebrile seizures [2, 6] . In a prospective study examining viral illnesses in children presenting with firsttime seizures, researchers found that children with seizures not associated with febrile illness were more likely to have acute gastroenteritis, compared with those who had febrile seizures [7] .
Two live, oral rotavirus vaccines are currently licensed and available in the United States: a 3-dose pentavalent reassortant vaccine containing strains of bovine and human origin (RotaTeq [RV5]; Merck, Whitehouse Station, NJ) and a 2-dose monovalent vaccine based on an attenuated rotavirus strain of human origin (Rotarix [RV1]; GlaxoSmithKline Biologicals, Rixensart, Belgium). In 2006, the Advisory Committee on Immunization Practices recommended routine vaccination of US infants with RV5 and, in 2008, updated the recommendations to include RV1 [8, 9] . Rotavirus vaccine introduction in the United States has substantially decreased acute gastroenteritis-associated hospitalizations, with a recent analysis demonstrating that, from 2008 to 2012, all-cause acute gastroenteritis-associated hospitalization rates in US children <5 years of age declined by 31%-55% [10] . Given the association between rotavirus infection and seizures, we would expect a reduction in hospitalizations for acute gastroenteritis due to rotavirus to correlate with a decrease in seizure-associated hospital admissions.
The impact of rotavirus vaccination on the risk of seizures in children has not been extensively studied. In the United States, rotavirus vaccination was associated with a reduction in the risk of seizure requiring hospitalization or emergency department care in the year following vaccination [11] . In Spain, researchers found that annual hospitalization rates for seizures in children <5 years old correlated with rotavirus vaccine coverage and rates of hospitalization due to rotavirus-associated gastroenteritis [12] . The objective of the current evaluation is to examine the incidence and population-level trends in seizure-associated hospitalizations among children <5 years old in the United States before and after rotavirus vaccine introduction.
METHODS
Data were extracted from the State Inpatient Databases of the Healthcare Cost and Utilization Project (HCUP), produced by the Agency for Healthcare Research and Quality. The HCUP is currently the largest collection of nationwide and state-specific longitudinal hospital care data in the United States and enables research on a range of health policy issues. Forty-eight states and the District of Columbia contribute full-year hospitalization data, which is sent to HCUP for standardization and subsequently released to researchers [13] . The State Inpatient Databases component of HCUP captures all hospitalizations occurring in community hospitals in participating states. This evaluation was conducted through active collaboration between the Centers for Disease Control and Prevention and the Agency for Healthcare Research and Quality. Because hospitalization data were deidentified and provided in summary form, informed consent was not required for this analysis.
All discharges for seizure hospitalizations were identified using the following rotavirus vaccine coverage rates were low and uneven during the first year after vaccine introduction. Poisson regression was used to generate estimates of rates, 95% confidence intervals (CIs), and rate ratios for the periods before (reference) and after vaccine introduction, by admission year, admission month, and age group.
To further understand potential differences in seizure hospitalization rates before and after vaccine introduction, we performed a time-series analysis. Negative binomial models were constructed using data before vaccine introduction (ie, during [2000] [2001] [2002] [2003] [2004] [2005] [2006] and controlling for month and year to account for seasonal and secular trends in seizure hospitalizations. Parameter estimates were then used to generate expected counts and rates for seizure-related hospitalizations for 2000-2013, using population estimates as described above. These analyses were stratified by age group. In the body text, we present the age groups when the burden of rotavirus is the greatest: 0-59 months, 6-11 months, 12-17 months, and 18-23 months. The other age groups (0-2 months, 3-5 months, 24-35 months, 36-47 months, and 48-59 months) appear in the Supplementary Materials. Observed rates were plotted against expected rates.
This project was determined by the Centers for Disease Control and Prevention to be exempt from institutional review board review because data were derived from a publicly available deidentified administrative data set.
RESULTS
We examined 962 899 seizure hospitalizations among children <5 years of age during 2000-2013. Male children composed 55% of seizure hospitalizations (330 340 of 598 888). Neonates (age 0-2 months) composed 22% of the study population (127 959 of 592 721 individuals), and 24-35-month-old children composed 14% (81 001; Table 1 ). Before vaccine introduction (ie, during [2000] [2001] [2002] [2003] [2004] [2005] [2006] , the estimated mean annual seizure hospitalization rate among children <5 years old was 388 cases/100 000 (95% CI, 387-390). The seizure hospitalization rate varied substantially by age, ranging from 176 cases/100 000 (95% CI, 174-178) in children 48-59 months of age to 1631 cases/100 000 (95% CI, 1620-1642) in children 0-2 months of age. Annual seizure hospitalization rates after vaccine introduction among all children <5 years of age were 1%-8% lower than rates before vaccine introduction, with the greatest differences apparent in the later years of the analysis period ( Table 2 ). The greatest reduction in rates (by 14%-16% in 2013 as compared to 2000-2006) was seen in children 0-2 months old and those 12-23 months old (Table 2 ). Higher rates of seizure hospitalization were observed among male children, although rate reductions were similar for male and female children (data not shown).
Stratification of seizure hospitalization rates by month and year revealed that the estimated rate ratios for months during the season of peak rotavirus infection (ie, during January-June) were generally lower than those for months in the nonrotavirus season, with this difference becoming more pronounced over time; in 2013, the estimated rate ratios during almost every month of the rotavirus season were statistically significant (Figure 1) . Among children eligible to receive rotavirus vaccine, the greatest reduction in rotavirus season-specific seizure rates from the period before to the period after vaccine introduction (from 553 to 493 cases/100 000) was observed in 12-17-month-old children (Table  3 ). Seizure hospitalization rates in this age group were significantly reduced for most months of the rotavirus seasons during 2011-2013. A less pronounced effect was also seen in 18-23-month-old children ( Figure 1 ). Rates were not consistently lower during the rotavirus season for children 6-11 months of age. Time-series analyses demonstrated a decrease in the observed as compared to expected number of seizure-coded hospitalizations in children <5 years old in 2012 and 2013, with differences most notable during the rotavirus season. The 2 age groups with the largest decrease in seizure-coded hospitalizations were 12-17 months and 18-23 months. The 6-11-month age group showed a minimal decrease in seizure rates, and no difference was seen in the 24-35-month or 36-48-month age groups (Figure 2 ).
DISCUSSION
Overall, we documented a 4% decrease in seizure-coded hospitalizations in all children <5 years old from the period before to the period after rotavirus vaccine licensure. We observed the largest reduction in the rate of seizure hospitalizations in children 12-23 months of age, particularly during the traditional rotavirus season, from January to June. Larger decreases in the rate of seizure hospitalizations were observed in later years, when rotavirus vaccine coverage was higher. Rotavirus vaccine coverage increased steadily during the analysis period, from 63% in 2008 to 79% in 2013 [15] . These observations-that decreased seizure hospitalizations occurred in age groups more affected by rotavirus, occurred during the rotavirus season, and were more pronounced as rotavirus vaccine coverage increased-provide evidence to support that the rotavirus vaccine contributed to the decrease in seizure hospitalizations. This work supports previous findings by Payne et al, who used a distinct US database with different characteristics, including knowledge of vaccination status and availability of only 1 year of data after vaccine receipt, but it draws the same conclusion that rotavirus immunization has led to fewer seizure hospitalizations [11] . This US work also aligns with findings from a comparison of data on hospitalization due to seizures in Spain before versus after vaccine introduction [12] .
Despite the observed decreases in seizure hospitalization rates, we see some inconsistencies in the data. We did not see a clear reduction in the rate of seizure hospitalization in infants aged 6-11 months, an age group that typically has a high burden of rotavirus infection. This may be due to the fact that seizures in children <1 year of age may not be due to a primary neurologic disorder but may have another etiology, such as a structural malformation or metabolic disorder. Furthermore, it commonly takes several months to determine seizure etiology in young children, which could lead to a higher proportion of nonspecific codes (eg, 780.39 [convulsions NEC]) in younger age groups. Seizure discharge codes likely become more specific as the child ages, as there has been more time for further testing and multiple clinical presentations of a neurologic disease over a period of months, leading to a more specific diagnosis. It seems likely that the 12-23-month-old children lay at the intersection of the high burden of rotavirus infections and the ability to assign more-specific neurologic codes [16] . Unfortunately, given the structure of our summarized database, we were unable to examine differences in coding practices by age. Additionally, overall rates of seizure hospitalizations decreased steadily over time and did not reflect the typical biennial pattern of rotavirus disease burden that has emerged in since rotavirus vaccine introduction, with small increases in the rotavirus disease burden in alternate years. This is likely because other factors have also contributed to the reduction in seizure hospitalizations, and we could not detect the subtleties of a biennial disease pattern with the limitations of our database. Our analysis has some limitations. First, while the rotavirus ICD-9-CM code has been shown to be specific for identifying laboratory-confirmed rotavirus infections, <1% of our population carried the rotavirus-specific code during the years before and after vaccine introduction. This could be because afebrile infectious causes of seizures are not commonly considered in a child first presenting with a seizure. Second, for young children, particularly those <1 year of age, the diagnostic process can be challenging, and require multiple presentations and detailed diagnostic testing over a period of time. This may result in a lack of specific codes in children <1 year of age during initial clinical presentations. This results in artifacts in the ICD-9-CM codes. Additionally, a stool sample or a lumbar puncture must be collected or performed, respectively, to test for rotavirus, and these activities are not commonly done in children who present with generalized tonic-clonic seizures to the hospital. Finally, we do not know the rotavirus vaccination status of the children included in this analysis.
These findings suggest a possible additional vaccine benefit of decreasing hospitalizations due to rotavirus-related seizures, although there are some inconsistencies in the data. Efforts should continue to increase rotavirus vaccine coverage, which still remains an estimated 6-8 percentage points below that for diphtheria, tetanus, and acellular pertussis vaccine (DTaP) coverage [15] . Further understanding of the potential impact of rotavirus vaccination on seizure hospitalizations is needed.
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